Abstract
Results
Of the 772 references identified through the database search, 17 were included in this systematic review. The number of participants in the included studies ranged from 99 to 6658, and the duration of follow-up varied from 3 months to 9.8 years. Eleven out of 12 studies assessed the impact of sarcopenia on mortality. The results showed a higher rate of mortality among sarcopenic subjects (pooled OR of 3.596 (95% CI 2.96-4.37)). The effect was higher in people aged 79 years or older compared with younger subjects (p = 0.02). Sarcopenia is also associated with functional decline (pooled OR of 6 studies 3.03 (95% CI 1.80-5.12)), a higher rate of falls (2/2 studies found a significant association) and a higher incidence of hospitalizations (1/1 study). The impact of sarcopenia on the incidence of fractures and the length of hospital stay was less clear (only 1/2 studies showed an association for both outcomes).
Conclusion
Sarcopenia is associated with several harmful outcomes, making this geriatric syndrome a real public health burden. a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
The aging process is responsible of many changes in body composition including a loss of skeletal muscle mass. From the age of 25, there is a progressive decrease in the size and number of muscle fibers resulting in a total decrease of about 40% in muscle mass between the ages of 25 and 80 years [1] . Beyond some defined threshold, this age-related loss of muscle mass is characterized as abnormal. To define this a progressive loss of muscle mass with advancing age the term sarcopenia was first coined by Rosenberg et al. in 1989[2] . This very first definition included only the notion of muscle mass. However, with time, the definition has expanded to incorporate the notion of muscle function, including reduced muscle strength and/or physical performance. Indeed, several epidemiological studies showed a decline in muscle strength 2-5 times greater than the decline in muscle mass over the same period of time [3, 4] . Although muscle mass is a determinant of muscle strength, the loss in muscle mass with advancing age is far from the sole or even primary explanation for the loss of muscle strength. Furthermore, maintenance or gain in muscle mass does not necessarily prevent age-related decline in muscle strength [5] . This dissociation between the loss in muscle mass and the loss in muscle strength can partly be explained by the atrophy and denervation of the muscle fibers. In addition, neural changes, such as a decline in motor unit recruitment and in motor unit discharge rates, also contribute to this dissociation [6] .
Currently, several definitions of sarcopenia have been proposed [7] [8] [9] [10] [11] [12] [13] [14] [15] , but no worldwide consensus has yet been reached. It is important to note that sarcopenia is now recognized as an independent condition by an ICD-10-CM code [16] .
Currently, some potential consequences of sarcopenia on individual health and public health [17] have been suggested, including physical disabilities, depression, decreased quality of life, nursing home admission and even death. However, it is not always clear whether these consequences were determined from longitudinal studies or simply from cross-sectional studies, in which case it would be incorrect to define these health issues as "consequences"; they would be more appropriately called "associations". Moreover, it appears that the consequences of sarcopenia can vary according to the operational definition used for the diagnosis of sarcopenia. For example, Bishoff-Ferrari [18] compared the ability of different operational definitions to predict falls. It appears that the relative risk (RR) of falls for sarcopenia patients could vary from 1.82 (95% CI 1.24-2.69) to 0.61 (95% CI 0.24-1.55) depending on the definition used to diagnose sarcopenia.
To avoid ambiguity surrounding the interpretation of the consequences of sarcopenia and move gradually, it would be interesting to identify the consequences of sarcopenia related to one unique definition of sarcopenia. A couple of years ago, the European Working Group on Sarcopenia in Older People [8] reached a consensus and defined sarcopenia as a progressive and generalized loss of muscle mass and muscle function (muscle strength or physical performance) with advancing age. To reinforce its validity, this recent operational definition still needs to show its ability to predict the clinical outcomes of sarcopenia.
The aim of this research is therefore to identify all short-, middle-and long-term consequences of sarcopenia, as defined by the European Working Group on Sarcopenia in Older People (EWGSOP) [8] , specifically reported in prospective studies.
Methods
The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement (S1 Table) has been followed for all steps of this research.
Literature search
The electronic databases MEDLINE, EMBASE, Cochrane Database of Systematic Review, ACP Journal Club, Database of Abstracts of Reviews of Effects (DARE) and Allied and Complementary Medicine (AMED) were searched for cohort studies assessing the clinical and health consequences of sarcopenia. No date limit was applied. The search strategy and search terms used for this research are detailed in Table 1 . Additional studies were identified through a manual search of the bibliographic references of relevant articles and existing reviews.
Study selection
In the initial screening stage, two investigators independently reviewed the title and abstract of each of these references to exclude articles irrelevant to the systematic review. Rigorous inclusion criteria were adhered to ( Table 2 ). In the second step, the two investigators independently read the full texts of the articles that were not excluded in the initial stage, then selected the studies that met the inclusion criteria. All differences of opinion regarding the selection of articles were resolved through discussion and consensus.
Studies dealing with sarcopenia associated with cancer cachexia or neurological diseases, any malignant disease, inflammatory or autoimmune diseases, corticosteroids for systemic use and obesity were excluded.
Data extraction
Data were extracted independently by two reviewers according to a standardized data extraction form. The following data were extracted: authors; journal name; year of publication; country; objective of the study; socio-demographic data (country, type of population, sex ratio, mean age); sample size; design (length of intervention, number of groups, description of groups); tools used to assess muscle mass, muscle strength and physical performance; reported prevalence of sarcopenia; outcomes; conclusion; presence of conflicts of interest; and potential funding.
To include as many studies as possible in our systematic review, we systematically contacted authors or co-authors when information was missing in the full-text paper.
Methodology quality assessment
The assessment of methodological quality was performed independently by two reviewers using the Newcastle-Ottawa Scale (NOS). A quality score was calculated based on three categories: group selection (four items), comparability between groups (one item), and outcome and exposure assessment (3 items). A maximum of one star could be awarded for each item in the group selection and outcome and exposure assessment categories. A maximum of two stars could be awarded for comparability. Thus, the maximum possible score was nine stars, which represented the highest methodological quality. Studies were considered high quality if they scored above the median of eight stars. Disagreements between the reviewers were discussed until consensus was reached.
Synthesis of the results
The findings were evaluated in a descriptive manner based on the information provided by each of the included studies. For outcomes reported by three or more studies, a meta-analysis was performed. Study results were expressed as odds ratios (OR) with 95% CI. When available, adjusted ORs were reported. Otherwise, crude ORs were computed from the available results in the paper. We decided to use/compute ORs instead of HRs because HRs were not available for all studies and were impossible to compute with the data available in the different papers. When one study reported results for different time points, we decided to include only the results for the longest follow-up point. To evaluate the impact of individual studies on the overall results, we performed a one-way sensitivity analysis by omitting one study at a time and then repeating the analysis.
Since participant demographics and clinical settings differed among studies, we assumed the presence of heterogeneity a priori. Therefore, we used a random-effects model to pool the results. We assessed heterogeneity using the χ 2 -test of heterogeneity and the I 2 measure of inconsistency. Moreover, analyses of subgroups based on the clinical setting (communitydwelling, hospitalized and institutionalized people), NOS score (according to the median quality), age (according to the median age), length of follow-up (according to the median length of follow-up) and the tool used to measure muscle mass (Dual-Energy X-Ray Absorptiometry (DXA), Bioelectrical impedance analysis (BIA) or anthropometric measurements) were performed. A test of interaction using a mixed-effects model was performed for all subgroups to establish whether the difference in effect size among subgroups was statistically significant. Potential publication bias was explored by means of a funnel plot. We used the Egger's regression asymmetry test to detect publication bias.
For all results, a two-sided p value of 0.05 or less was considered significant. All analyses were performed using the software package Comprehensive Meta Analysis, Biostat v2.
Results

Search strategy
A total of 1026 studies were identified through electronic database searches. Among these studies, we were able to remove 254 duplicates. Therefore, 772 articles were screened for title and abstract by two independent reviewers. Only 16 studies met the inclusion criteria, but two of these studies described the same results. As a result of a manual search of the bibliographies of pertinent papers, we were able to identify two additional studies. Therefore, 17 prospective studies assessing the outcomes of sarcopenia, defined according to the EWGSOP guidelines, were included in this systematic review (Fig 1) .
Included studies
All of these studies (characteristics presented in Table 3 ) were quite recent since they were published between 2012 and 2015. Most of the studies were performed in Europe (9/17 studies [19] [20] [21] [22] [23] [24] [25] [26] [27] ), while 5 were performed in America (2 in USA, 3 in South America) [28] [29] [30] [31] [32] , and 3 were performed in Asia [33] [34] [35] . All of the studies included subjects aged 60 years or older; 11 studies included community-dwelling older people [21, 22, 25, [29] [30] [31] [32] [33] [34] [35] , 4 included hospitalized subjects [19, 20, 24, 27] , and 2 involved nursing home residents [23, 26] . Only one study included only men [32] ; all of the others were mixed-gender studies, with the percentage of women varying between 48.9% [35] and 75% [23] . The number of participants ranged from 99 [20] to 6658 [31] , and the duration of follow-up varied from 3 months [20, 24, 27 ] to 9.8 years [32] . Sarcopenia was diagnosed according to the algorithm proposed by the EWGSOP. Muscle mass was measured using bioelectrical impedance analysis (BIA) in the majority of studies (7/17 studies [19, 20, [23] [24] [25] 27, 33] ), followed by anthropometric measurements (6/17 studies [21, 22, 26, [28] [29] [30] ) and, finally, by Dual-Energy X-ray Absorptiometry (DXA) (4/17 studies [31, 32, 34, 35] ). Muscle strength was measured using handgrip strength in all of studies except for one [35] , which used an isokinetic device. Finally, only one study used the Short Physical Performance Battery (SPPB) [35] test to measure physical performance; all other studies used gait speed. The prevalence of sarcopenia varied from 4.3% in a population of ambulatory community-dwelling men [32] to 73.3% among nursing home residents in Turkey [26] . The majority of studies declared their source of funding (funding from a local foundation [28, 29] , from a national ministry [19, 33] , from a grant [21, 22] and from a national institute of research [25, 31, 32, 35] ) if any (two studies [20, 26] [23, 26, 28] , indicating excellent quality ( Table 4 ). The population was composed of ambulatory community-dwelling subjects in 7 of these studies [21, 25, 28, 30, 32, 34, 35] , hospitalized subjects in 3 studies [19, 20, 24] and nursing home residents [23, 26] in the two last. A higher risk of mortality was found for sarcopenic subjects compared with non-sarcopenic ones in 10/12 studies. In one [36] of these studies, the results were only significant for sarcopenic men and not for sarcopenic women. A meta-analysis was performed to compute the results of these different studies. Because we contacted the authors or co-authors when information was missing from the full-text paper, we were able to obtain the ORs of all studies. An overall OR of 3.596 (95% CI 2.96-4.37) was found, indicating a higher risk of mortality for sarcopenic subjects compared with non-sarcopenic ones (Fig 2A) . Egger's regression analysis showed that publication bias was not present (p = 0.80). The results of the subgroup analyses are available in Table 5 . A significant 
Functional decline
Seven studies [20, 25, 27, 29, [32] [33] [34] reported results regarding the association between sarcopenia and the incidence of functional disability. However, two individual studies [20, 27] reported similar results for a similar population for the outcome of functional decline. We decided to keep the most recent study in our analysis. Therefore, only 6 studies were analyzed for this outcome (1 with an NOS score of 6/9 [27] , 2 with an NOS score of 7/9 [32, 34] , 3 with an NOS score of 8/9 [25, 29, 33] ). Five out of these 6 studies found a significantly greater decline of function (assessed using the ADL-Katz scale [25, 29, 33] , the IAD-Lawton scale [25, 29, 33] , the Barthel Index [27] and self-reported functional limitations [32, 34] ) in sarcopenic subjects compared with non-sarcopenic subjects. However, in one of these studies [34] , the association was significant only for men and not for women. The pooled results indicated a higher risk of functional disability for sarcopenic subjects compared with non-sarcopenic ones (pooled OR 3.03 (95% CI 1.80-5.12)). No publication bias was found for this meta-analysis (p = 0.37). The results of the subgroup analyses are available in Table 5 . No effect of age, length of follow-up or of tool used to measure muscle mass was found.
Falls
Two studies [22, 32] (one with a score of 7/9 on the NOS [32] , one with a score of 8/9 [22] ) reported results for the association between sarcopenia and the incidence of falls. One of these studies was performed on 260 community-dwelling individuals with a mean age of 86.7±5.4 years who were followed for 2 years to determine the incidence of falls [22] . The second study was performed on 5828 ambulatory community-dwelling individuals for whom the incidence of falls was recorded 3 times per year for 1 year. Both studies found a significant association between sarcopenia and the incidence of falls. In the first study [22] , 27.3% of the sarcopenic subjects fell at least one time, compared with 9.8% of the non-sarcopenic ones (p<0.001). A crude HR of 3.45 (95% CI 1.68-7.09) was reported. The HR was still significant in a fully adjusted model (adjusted for age, gender, cognitive impairment, ADL impairment, sensory impairments, body mass index, depression, physical activity, cholesterol, stroke, diabetes, number of medications, and reactive C protein) that resulted in an HR of 3.23 (95% CI 1. 25-8.29 ). In the second study [32] , the authors found a higher risk of recurrent falls (at least 2 falls in one year) for sarcopenic subjects, with a significant OR equal to 2.38 (95%CI 1.75-3.23) when adjusted for age.
Fractures
Two studies [31, 32] followed sarcopenic subjects to assess the incidence of fractures. The first study [31] , which had an NOS score of 7/9, followed 5544 elderly men and 1114 women living in the community for 9 years and 8 years, respectively. The studies defined 4 groups: subjects with normal bone mineral density (BMD) and no sarcopenia, subjects with normal BMD but with sarcopenia, subjects with low BMD but no sarcopenia and, finally, subjects with low BMD and sarcopenia. The authors found a significantly higher incidence of all types of fractures in the sarcopenic subjects compared with the non-sarcopenic subjects only when the sarcopenic subjects also presented with low BMD. The HRs varied from 3.75 (95% CI 2.64-5.32) for men to 2.8 (95% CI 1.72-4.58) for women in the crude model and from 3.79 (95% CI 2.65-5.41) for men and 2.27 (95% CI 1.37-3.76) for women in the multivariable adjusted model. The results followed the same trend when traumatic fractures were excluded from the analyses. The second study [32] , which had also an NOS score of 7/9, followed 5934 ambulatory community-dwelling men to determine the incidence of hip fracture and did not report any association between sarcopenia and the incidence of hip fractures (OR adjusted for age and BMD 1.17 (95% CI 0.71-1.93)).
Length of hospital stay
Two studies [27, 34] followed sarcopenic subjects to assess the impact of sarcopenia on the length of stay during hospitalization. The first study [27] , which had an NOS score of 6/9, included 99 hospitalized elderly men and women aged 84.6±6.6 years. The authors did not report a significant difference in the length of hospital stay in a referral acute care unit between the sarcopenic patients (19.5 ± 16.3 days) and the non-sarcopenic patients (15.0 ± 9.9 days; p = 0.179). In contrast, the second study [34] , which had an NOS score of 7/9, followed 3999 community-dwelling elderly men and women for 7 years and found a significantly higher percentage of sarcopenic men than non-sarcopenic men had a hospital stay longer than 20 days during follow-up. An adjusted OR (for age, education, COPD, diabetes mellitus, hypertension, heart disease, current smoker, MMSE, and depression) of 1.84 (95%CI 1.32-2.58) was found. No such difference was found for women.
Hospitalization
Only one study [25] , with a score of 8/9 on the NOS scale, followed sarcopenic subjects to assess the impact of sarcopenia on the incidence of hospitalization. A total of 538 community-dwelling elderly subjects aged 77.1±5.5 years were followed for a median of 55 months. Among the sarcopenic subjects (there was a 10.2% prevalence of sarcopenia), 60% were hospitalized during the follow-up versus 48% of the non-sarcopenic subjects. The risk of hospitalization was higher in sarcopenic subjects, with a crude HR of 1.57 (95% CI 1.09-2.26) and a fully adjusted HR (adjusted for age, gender, comorbidities, BMI, education, and hemoglobin) of 1.57 (95% CI 1.03-2.41).
Discussion
The purpose of this systematic review and meta-analysis was to present and evaluate the clinical and socio-economic consequences of sarcopenia. A clear synthesis of the outcomes of sarcopenia was lacking in scientific literature. To avoid confounding consequences that were only related to low muscle mass or low muscle function separately with consequences that were directly attributable to sarcopenia itself, which is now defined by both reduced muscle mass and limited muscle function, we decided to focus on definitions that included both of these concepts. However, since the various operational definitions, proposed in the scientific literature could have different abilities to predict an outcome, only one definition was included in this systematic review (i.e., the EWGSOP definition). We decided to choose this definition over other ones because it has been largely used since its publication although it has not yet been validated as predictive of clinical outcomes. We acknowledge that this definition is presenting some weaknesses, particularly in regard to the cut-offs proposed to define low muscle mass, low muscle strength and low physical performance but, despite the absence of a worldwide consensual definition, we need to use currently available data. This systematic review could therefore provide scientific data to scientists aiming to develop one unique operational definition of sarcopenia. No fewer than 17 prospective studies were included in our systematic review and metaanalysis. Across these studies, we identified 6 different types of outcomes. The most studied consequence of sarcopenia is mortality. Indeed, 12 studies reported data for mortality, and 10 suggested a significant relationship between sarcopenia and mortality. Because of the high number of studies focusing on this outcome, we were able to perform a meta-analysis, which indicated that sarcopenia patients faces a 4 times higher risk of mortality than non-sarcopenic subjects. The results did not vary according to the settings of the participants (community dwelling versus hospitalized subjects versus nursing home residents) or to the length of followup. Only age seems to have an impact on the results; as expected, there was a higher association of mortality with sarcopenia among subjects aged 79 years or older. Recently, another metaanalysis [37] that aimed to assess the association between sarcopenia and mortality was published; however, the authors did not focus on a unique definition and therefore also included studies that used only muscle mass-based definitions of sarcopenia. Nevertheless, they also found a significantly higher risk of mortality in sarcopenic subjects compared with non-sarcopenic subjects, with an HR of 1.87 (95% CI 1.61-2.18). It must be pointed out that no difference has been observed regarding the definition used for sarcopenia; a higher risk of mortality was found for sarcopenic subjects regardless of the definition used for the diagnosis. Another well-studied outcome of sarcopenia across the scientific literature is functional decline. Six out of 7 studies reporting functional decline as an outcome of sarcopenia showed a significant association. It has been suggested that sarcopenic subjects have a 3 times higher risk of functional decline or functional disability compared with non-sarcopenic subjects. Significant heterogeneity was found in this meta-analysis, probably because of the different methods used to measure functional decline (the ADL-Katz scale [25, 29, 33] , the IAD-Lawton scale [25, 29, 33] , the Barthel Index [27] and self-reported functional limitations [32, 34] ). This heterogeneity was presumed and, for this reason, we decided to use a random effects model and to perform some subgroup analyses. It should be noted that neither the age of the participants, the length of follow-up nor the tool used to measure muscle mass seemed to interact with the observed association between sarcopenia and functional decline. Four other types of consequences (i.e., the incidence of falls, the incidence of hospitalization, the incidence of fractures and the length of hospital stay) were also identified across the 17 included studies. However, the limited number of studies reporting these outcomes did not allow us to perform meta-analyses. We did not find any other reported consequences of sarcopenia in the literature based on our search strategy. It is regrettable that there are still no available regarding the consequences of sarcopenia, as defined by the EWGSOP, on quality of life. Some transversal data are available [38] [39] [40] [41] , but we did not identify any prospective studies on this topic. However, this lack is probably because, before last year, no specific quality of life questionnaire for sarcopenia was available in the literature. In 2015, a specific health-related quality of life questionnaire for sarcopenia was developed and validated by our team [42] . It should be very interesting to obtain prospective data about quality of life and its impact on individuals with sarcopenia.
Several operational definitions of sarcopenia are currently proposed in the scientific literature. Although the definition proposed by the EWGSOP is one of the most widely used in current epidemiological studies, it still needs to obtain scientific validation and be recognized as able to predict the health and clinical outcomes of sarcopenia. The present systematic review provides key elements favorable to this validation. Indeed, the majority of studies identified by this systematic review showed an association between sarcopenia, as defined by the EWGSOP, and health-related clinical outcomes.
With the exception of mortality and functional decline, for which we have a substantial number of scientific papers, there are few epidemiological studies assessing the association with other outcomes. However, our systematic review draws on the state of the art and opens doors for the development of future prospective studies. For the development of these future studies, it is important to follow some standardization regarding the definition of sarcopenia used for the diagnosis. Indeed, some studies suggest that the use of different definitions of sarcopenia has a substantial impact on its reported prevalence and outcomes [18, 43] . However, it should be noted that even if the tools used to define sarcopenia have been suggested to have an important impact on the prevalence of sarcopenia [44, 45] , the results of our meta-analysis suggest that the impact on health-related outcomes is more limited.
This study was the first to present a list of the consequences of sarcopenia based on a systematic review. We searched in multiple electronic databases to identify a maximum possible number of studies that would meet our inclusion criteria. An important strength to highlight is that we contacted several authors of studies to obtain the data needed to compute ORs and information that was missing from the published papers. We obtained replies from 6 authors, which allowed us to include these studies in the meta-analysis. Nevertheless, this study has some limitations, particularly in the quantitative synthesis of results. Indeed, because some heterogeneity was found in the way that results were reported across studies (i.e., some authors reported HRs, some crude and some adjusted on confounding parameters, while others authors reported ORs, some crude and some adjusted), we decide to use ORs because we were able to compute ORs using the incidence data available in the papers. With this method, however, we most often reported crude ORs, which did not take into account some potential confounding factors. Moreover, there was considerable variation in the length of follow-up across studies, which can also have an impact on the results. The shortest length of follow-up was three months, while the longest was 9.8 years, which can influence the accuracy for estimating the risk of mortality or functional decline. However, we tried to take this parameter into account by performing subgroup analyses. The results did not show any effect on the length of follow-up, mortality, or functional decline. We also deplore that we were unable to assess the longitudinal loss of muscle mass and muscle strength over time. Indeed, in individual studies, muscle mass and muscle strength were only assessed at baseline to diagnose sarcopenia and these measurements were not reported over time. Reproducing these assessments over time could be raised as a perspective for further studies with a "dynamic" approach of sarcopenia. Finally, even if a large number of studies were sponsored or funded by a local foundation, national ministry, grant or national institute of research, we could not establish any relationship between the funding or a potential conflict of interest and the results of these individual studies. Notwithstanding the aforementioned limiting factors of this research, we believe that these findings can serve as a worthy reference for researchers and clinicians in their future evaluation of sarcopenia. Given its consequences, sarcopenia can be considered an important public health problem, and preventive and therapeutic interventions deserve to be further developed. The results can also serve the industry by defining an outcome point for clinical studies and assessing sample sizes for clinical trials. Furthermore, they can serve as a basis for future decision making regarding the health care system. 
Supporting Information
S1
